A functionally required unfoldome from the plant kingdom: intrinsically disordered N-terminal domains of GRAS proteins are involved in molecular recognition during plant development.
The intrinsic disorder is highly abundant in eukaryotic genomes. In the animal kingdom, numerous intrinsically disordered proteins (IDPs) have been characterized, especially in cell signalling and transcription regulation. An intrinsically disordered region often folds in different structures allowing an IDP to recognize and bind different partners at various binding interfaces. In contrast, there have only been a few reports of IDPs from the plant kingdom. Plant-specific GRAS proteins play critical and diverse roles in plant development and signalling and often act as integrators of signals from multiple plant growth regulatory inputs. Using computational and bioinformatics tools, we demonstrate here that the GRAS proteins are intrinsically disordered, thus forming the first functionally required unfoldome in the plant kingdom. Furthermore, the N-terminal domains of GRAS proteins are predicted to contain numerous Molecular Recognition Features (MoRFs), short interaction-prone segments that are located within extended disorder regions and are able to recognize their interacting partners and to undergo disorder-to-order transitions upon binding to these specific partners. Overlapping with the relatively conserved motifs in the N-terminal domains of GRAS proteins, these predicted MoRFs represent the potential protein-protein binding sites and may be involved in molecular recognition during plant development. This study enables us to propose a conceptual framework that guides future experimental approaches to understand structure-function relationships of the entire GRAS family.